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WE: B-TEMEG(BAM) ZAHY/K AR 1Y B Z S, e m 4 X A= Py i w7 o AR, AR
T HE BRAD % H A A 23 AP A1, 43 B S 245 51 20 1~ BolBAM K I3 HF G R AT R G LB W7 .
RIS I R 25 0T AN [EIR B /4 2 b (AR S 3Rk & e BT RIR (2 °C) R R (1 36 R R IR =40 AT
ERFN WH 5 P2 E 15 5] 20 4~ BolBAM 25 A , BolBAM 45 H Y & 3L R FE 51 K BE YU Il 2 193 aa( BolBAM3c) ~
678 aa( BolBAM7) ; H i BAM %5 A Z 15 i b3 A 55 M . 55 080 25 13 5 ; B BolBAM11  BolBAM12 BolBAM14 4}, H:
ﬁg BolBAM i YN 2K PESE I BT, RNA-Seq (5% 5% 41) 43 45 3R W1, BolBAM1b  BolBAM5a , BolBAM9b 7E 7 141
FE RN R IR R FEAE Y BolBAM b WIARNT 2 35 i d5 15, ZE AR T BolBAMSa (AR X 2 35 i fe i, 7F
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Identification of B-amylase gene family in cabbage and the expression
analysis in response to low temperature stress

SHAN Xi, TAO Meiqi, PAN Yongfei, QIN Wenbin, ZHANG Zhenchao, YAO Yuemei, DAI Zhongliang
( Zhenjiang Institute of Agricultural Sciences of the Ning-Zhen Hilly District, Jurong 212400, China)

Abstract: B-amylase (BAM) is an important enzyme in the hydrolysis of plant starch, playing a crucial role in the
response of plants to abiotic stress. This study, which was based on the whole genome sequence of the cabbage BRAD refer-
ence genome, identified 20 BolBAM genes. The phylogenetic analysis, protein characteristics, gene structure, and expres-
sion levels in different organs or tissues of its family members were analyzed. Additionally, the gene expression patterns un-
der 2 °C low temperature stress were also examined. The results showed that a total of 20 BolBAM proteins were identified
in cabbage. The amino acid sequence length of BolIBAM proteins ranged from 193 aa ( BolBAM3c) to 678 aa (BolBAM7).
Members of the cabbage BAM protein family included both

S H 29 :2024-03-25 weakly acidic and weakly alkaline proteins. Except for
ELIE 2024 R ILA T 4AERHE A 626 TR H (JSTJ-2024- BolBAM11, BolBAM12, and BolBAMI14, all other
610) ; VLI548 T A0F & 12135 H ( BE2021399) BolBAM proteins were hydrophilic. The RNA-Seq results
TEE® .0 & (1990-), 2, WMmEHA, i1, BYHER iR, showed that BolBAMIb, BolBAMS5a, and BolBAM9b had
FENFH BB BE T, (E-mail) saiwaicanx- relatively high expression levels in seven tissues or organs,
uel990@ 163.com with BolBAM1b showing the highest expression in flowers,

EHRAEE UL R, (E-mail) daizhongliang2008@ 126.com BolBAMS5a in pods, and BolBAM9b in callus tissue. This
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study found that the expression of 14 BolBAM genes in the cold-resistant material 923 and cold-sensitive material D9 of cab-

bage was induced by low temperature. The relative expression of BolBAM3a in cold-sensitive material D9 was higher than

that in cold-resistant material 923 at 6 h of low temperature treatment, but it was significantly lower than that in cold-

resistant material 923 at 24 h of low temperature treatment. The relative expression of BolBAM3b in cold-resistant material

923 was significantly higher than that in cold-sensitive material D9 at 6 h and 24 h of low temperature treatment. This study

provides important insights for further research on the regulation of low temperature response in cabbage by the BolBAM3a

and BolBAM3b genes.
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B AR RARE R AR E /AL
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e R AR A SN, o HE T P R A
AR FRE, UL #E— 20 I J'& BolBAM 3 X Xf
AE TR 7 A 9 B A 2
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1.1 HIEE BAM FiRR R EE

UM IF B ABBAMI1 ~ AtBAM9 7K [ /5 51 & M
TAIR %04 % ( https : //www. arabidopsis. org/ ) H175 3|
. HE SRR RS AR5 535127 BRAD (hi-
tp://brassicadb.cn/#/) | Chiifu-401-42 V3. o> fili
PR SR B IR (HMM ) 76 H 88 | 1SR 4 5 20
Bi e b4 R E N w45 A 3 14 (PFO1373) 1Y
JP3 , T 3R A543 16 H #5 BolBAM | [13% BraBAM
FHF %), A Pfam (http://pfam. xfam. org/) . SMART
(http ://smart.embl-heidelberg.de) | 3¢ [F [E ¢ 4= W) £
AAF B Ly (NCBI) batch CD-search ( https ://www.
ncbi.nlm. nih. gov/Structure/bwrpsbh/bwrpsb. cgi ) £ I
BolBAM ,BraBAM i F 9 £ <7 45 #4 38, # 5 H i
BolBAM , 43§ BraBAM ZK iR . H i BolBAM &
A3 BraBAM SR AR YRI5 ABAM K () [7]
Ve RIS R B SIS 2 (a beeeeee )
Frn .
1.2 HIZ BolBAM R5 &L B ST EE L5

M MEGA 7.0 X #LFg 57 H 8 FI2R 19 BAM &
E?ﬁ”ﬁ??%%ﬁ*ﬁ, R AR 45 1k ( W Bootstrap
{691 000) , 22 RGE AW, 05 W H 923 2%
R4 8 4R 45 BolBAM 1) DNA %i#i5% 7% (CDS) ,
H GSDS 2.0 ( http://gsds. gao-lab. org/) T. H. 2 il
BolBAM JE[RI 25 ],
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1.3 BolBAM EHEUMRMRTFTEF S

H ExPaSy ( https ://web. expasy. org/ protparam/ ) .
B0 BolBAM 25 FRYRF: , ARAHXS 2315 e
BERR B PR A S A B K R SE, ] MEME
(http ://meme-suite. org/ ) FRARZMHT T HX} BolBAM 2
FIEFT IR BT 0T (oK BT 10)
1.4 BolBAM ERpMEA EFH L ST

FH MapChart %142 4 45% BolBAM 194 B3 &
7R 22 BolBAM 3 (LR AL K35 . HR4E TAIR
(AR RN AR 5 ) H ¥ BRAD JE L AT 53¢
Chiifu-401-42 V3.0 JE K 2 il pg o H L F1 3y
BAM 1% 8., Fi TBtools""' X B TZ I H & .55 R I+
TR IR G R AT 04T, P il L2 R
1.5 BolBAM EARFRE/ AR RKEME THIR
VoS il

M NCBI B GEO %idfar 22 88H 8 02-12 727
TSN AR 25 i ZF B AR T RNA-Seq (7%
SE4H) B (SRA accession BU3E4E . GSE42891) 1%
53HT BolBAM FEANR) 2% B / 21 rb i e s K7
TR e S AS 4 1 7 WS 324K (Reads ) 1Y R B AL
®1 ATEFAIET

Table 1 Primer sequences used in this study

(FPKM) 37~ BolBAM W3R8 FE , 78T BolBAM ¥
TN E /BRI AR R R

DA HCH W D9 (CS-D9) | Tt ¥ H w923 ( CT-
923) F ik B A1 RE, L — 0 I 2l B R AR AR
=97 2 CARIRALFE , % BELN A Ab T 15 A Ktk
A, A HIBUETE 6 h 24 h A S AR B R
SE RV AR TR AT DR AE T -80 CUKAH, T RNA-
Seq 73#T. H FPKM {E2: 1| BolBAM BIMKIRKRIEE
1.6 BoBAM3a BoBAM3b 1YL 4H il i i

A3 AR AR QAR B i R 3R R A0 L v 1B B R Gk
BoBAM3a-GFP ( £k .56 1) .BoBAM3b-GFP fili
FERTE T BF5E BoBAM3a . BoBAM3b K&K 13174 fits
SERTEE . MR Sac 1 FRHBIEREE) 7 &5 00 1 1)
514 Xba 1 BREIPERFIN S0 S m B 191 183 (51
YIFSI L% 1) , B Sac 1 Xba 1% PCR P=¥)iE4T 1
Y1, Bt S 4 D) 7= 4 1% #2231 pCAMBIA2300-GFP 2% 4
O3 PR A R A | S AR AL B AR AT R
FHACK P A2 G A0 B3 = o @t (24943 d J5,
FV10-ASW BOCIH R BIdmmes

FEH AR SIMFII(5—3")

BoBAM3a AGAACACGGGGGACGAGCTCATGGAGTTAACATTAAATTCCTCAAGTTCTC
ACCATGGTGTCGACTCTAGACACTAGAGAAGCTTCCTCAACCTT

BoBAM3b AGAACACGGGGGACGAGCTCATGGAATTAACACTGAATTCCTCGAGTTC

ACCATGGTGTCGACTCTAGACACTAGAGCGACTTCCTCAACC

2 RS

2.1 HIE BolBAM KiEH RHEER REX B

S | 3R 4 i TR 2H B0 % 1) BLASTP
RN IbELs A0 14 IR, LR 1R 2] 20 4
BolBAM #E 1 14 4~ BraBAM &, ffi ] Pfam (ht-
tp://pfam. xfam. org/) . SMART ( http ://smart. embl-
heidelberg. de ) Il NCBI batch CD-search ( https://
www.ncbi. nlm. nih. gov/Structure/bwrpsb/bwrpsb. cgi )
PEAT A I & B, 3X 20 4> BolBAM #E H Al 14 4>
BraBAM HH &% Glyco_hydro_14 - 5F 45 ¥ 3,
MR 5 ABAM A 0 [6) PR R IS N5 4% (a b
""" Vi TR O RGE R ER, B 1 B, X
46 BAM S H# 4 DARBEA, WA I h & A

BZH BolBAM (7 1), W 1 S HWEZW
BraBAM £ 1(5 1)
2.2 HIE BolBAM RXEH RERARENXERMNE
BB AE T

7% 2 A LA 1, BolBAM 45 [ #Y & 5L 1% 5 41 K
FEVE 2 193 aa( BolBAM3c) ~678 aa( BolBAM7) , %}
BB JT 78 B 2 HE (ORF) K JFF i il & 582 bp
(BolBAM3c¢) ~2 037 bp ( BolBAM7) , AHX} 3 T-1 3 il
221 590 ( BolBAM3c ) ~ 76 340 ( BolBAM4a) , BolBAM
T B PR 6 25 S L 2 4. 90 (BolBAMSD ) ~9. 58
(BolBAMI13) , BolBAM 5 [ ) A Fa 22 48 B30 il &
25.85 ( BolBAMS5a) ~ 58.07 ( BolBAM13), & 10 4
BolBAM 4 [ AN F e 15 250l i lim FE 40. 00, 14T,
HE BolBAM 1 1, 51 i 10y 5 2, 2k 1R s B3t il
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Fig.1 Phylogenetic analysis of BAM proteins in cabbage, Arabidopsis thaliana and Chinese cabbage

* 2 HIE BolBAM EHRIER RHIIEHLEFE

Table 2 Physical and chemical characteristics of BoIBAM family members in cabbage

i3SI T g IR BUTR g ome rmE mwkE Rk
e P BRI pve wuk RN BEHERE THRE
BolBAM1a BolC03g049010.2) 03 1 626 541 60 690 5.94 38.94 71.07 -0.433
BolBAM1b BolC07¢012390.2]) 07 1713 570 63 410 5.48 32.22 70.02 -0.396
BolBAM?2 BolC09¢000400.2]) 09 1 905 634 71 840 5.99 36.89 78.74 -0.410
BolBAM3a BolC01g024000.2]) 01 1 647 548 61 830 8.01 43.15 62.06 -0.616
BolBAM3b BolC07g046760.2]) 07 1 647 548 61 400 6.59 37.80 63.14 -0.581
BolBAM3c¢ BolC08g016120.2]) 08 582 193 21 590 8.70 39.01 62.69 -0.649
BolBAM4a BolC02¢016810.2]) 02 2031 676 76 340 6.13 45.07 76.41 -0.469

BolBAM4b BolC032014970.2]) 03 1599 532 60 390 8.71 44.42 76.77 -0.248
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WL e ker TR SUEE e me e mbRE ok
i by KJE (s TR R ERMEEH OPHIRN
BolBAM5a BolC08g014500.2]) 08 1497 498 56 210 5.21 25.85 79.72 -0.375
BolBAMS5b BolC08g014480.2) 08 1344 447 50 460 4.90 29.44 75.93 -0.425
BolBAM6 BolC04¢016750.2]) 04 1749 582 66 780 5.77 47.58 76.20 -0.518
BolBAM7 BolC04g007240.2) 04 2 037 678 75 880 5.88 45.56 74.34 -0.484
BolBAMS BolC02g045740.2) 02 2 031 676 76 240 5.82 41.13 67.68 -0.529
BolBAM9a BolC03¢009670.2]) 03 1 596 531 57 950 5.76 32.16 73.24 -0.287
BolBAM9b BolC09g053850.2) 09 1617 538 58 920 6.42 34.37 75.95 -0.288
BolBAM10 BolC032086140.2) 03 1 500 499 57 080 6.08 32.00 74.45 -0.570
BolBAM 11 BolC04¢055240.2]) 04 903 300 33 320 9.00 45.92 103.97 0.492
BolBAM 12 BolC04g009440.2]) 04 747 248 27 720 9.20 43.65 103.35 0.474
BolBAM 13 BolC05g041140.2) 05 804 267 29 640 9.58 58.07 80.37 -0.019
BolBAM 14 BolC08g060710.2]) 08 918 305 34 130 9.42 45.65 107.02 0.554
H MEME 7EZ 5347 T 2408 BolBAM R MI4E MK, k87 BolBAM JE 254 Z 1% . BolBAM
ket mE 2 aTRIE M, W4 T %) BolBAM  J:K & A 3 4~ ( BolBAM9a ., BolBAM9b ) ~ 12 4~

AP AL, [F)— M4 R 2% BolBAM 3 H 2

( BolBAM4a) 45T (E 2) . BolBAM &N 74 ik
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Fig.2 The analysis of motif features (left) and exon-intron structure (right) of BoIBAM family members in cabbage
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Fig.3 Physical distribution of BoIBAM genes on the chromosomes
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Fig.4 The collinear relationship among cabbage, Arabidopsis thaliana and Chinese cabbage

TEMGIRALBE 6 h 24 h BF44L CK 2 FiH, B
BB D9 W BolBAM1b [ AH X} 33k 2 . 35 1 T %
BBE 923, R b L D9t BolBAM3a HUAHX 3R 15 15
FEARIRACHE 6 h BF s Tt v A1k 923 | {HAE KR AL
24 h i, HARXT R A i AR T 9235 T2 A1 K} 923
H1 BolBAM3b FFHXT ik i AEAGIRALTE 6 h 24 h B
¥ m TR EA R D9,
2.5 BolBAM3a 1 BolBAM3b ZE A &Y 1l 4 il 7 i
A Plant-mPLoc #F 17 #F £& # I, & B
BolBAM3a . BolBAM3b & [ & B A7 76 T 4l Jifg i
T #E—35 B BolBAM3a  BolBAM3b #5 F {31741
W5 A, #9587 BolBAM3a . BolBAM3b 5K F1 GFP
YRl F TR AR 38 3k AR T TR I I 2 fb A TG A e
o LR B 1 AR 45 R B R, BolBAM3a &
T 20 A% 40 B B, BolBAM3b 2 {37 T 41 Jfd 55 . 41
AN Az (FE 6) o

3 17 i

TEARA PG T, BAM LR ELA P AR N
WP 1 1 20 AIE 9% R 4 35 TR 4 B
FEFFH 20 1~ BolBAM SER SIS ABEAE A48 14, R
P FER T 9 L RS T L HBE I S ) BAM
FEA N 4AANWH, HEE BolBAM 3R Kt AE itk
IRR YR T R 8 A R R b R B,
W OH SR BAM FE ¥ kA T H & I, X nT
ek 2 b= A n, kWA =5k F
P T EEREMY P BAM K%, T H
Wt BolBAM1 .BolBAM3 BolBAM4 F1 BolBAM9 51
BT A IR B AtBAMI ,AtBAM3 . AtBAM4 1 AtBAM9
RAETHEHAZ RIS, FBONE S R BolBAMI |
BolBAM3 .BolBAM4 F11 BolBAMY A 1E [f] — 4% Y {0, {4
b I 5L BolBAMSa . BolBAMSb H MG TE 8 5



352 bARE N (=S 11

2025 4 55 41 & 2 W)

BolBAM1a
BolBAM1b 10
BolBAM?2

BolBAM3a 8
BolBAM3b
BolBAM4a p

BolBAM4b

BolBAM5a L 4
BolBAMS5b

BolBAMG6

BolBAM7

BolBAMS

BolBAMY9a

BolBAMY9b
BolBAM10

puspE e R H

H

GiES

S
&

BolBAM1a
BolBAM1b
BolBAM?2

BolBAM3a
BolBAM3b
BolBAM3c¢

BolBAM4a

BolBAM4b

BolBAM5a

BolBAMS5b

BolBAMG6

BolBAM7

BolBAMS

BolBAMYa

BolBAM9b

BolBAM10

BolBAM11

BolBAM12

BolBAM13

BolBAM14

CS-24-CK CS-24-T  CS-6-CK CS-6-T

CT-24-CK  CT-24-T

CT-6-CK CT-6-T

A BolBAM JENTE @ HAR MR 25 0 ZF BN A b 13835 B . BolBAM 3 AEARIR MG F 19263k, CS-24-CK . & M H 5 D9 # AL FH 24
h; CS-24-T &85 H ¥ D9 RIEALFE 24 h; CS-6-CK & H T D9 # IRALHE 6 h; CS-6-T &8 H 15 D9 IRIRALEE 6 h; CT-24-CK. ifif ¥4 H 15 923 %
IRACHE 24 h; CT-24-T. i3 H ¥ 923 IKIEANHE 24 h; CT-6-CK. ¥4 H & 923 # AL HE 6 h; CT-6-T . fif¥4 H & 923 KA 3E 6 h,

5  BolBAM EEF AR E/HAhNERME THRIEER

Fig.5 The expression of the BoIBAM genes in different organs or tissues of cabbage and under low-temperature stress
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Fig.6 Subcellular localization of BolBAM3a and BolBAM3b proteins in Nicotiana benthamiana leaves
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